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Introduction
Labor market literature attests that men tend to earn more than women in similar occupations in Brazil and elsewhere (Camargo; Serrano, 1983; Barros et al., 2001; Arabsheibani; Carneiro; Henley, 2003; Leme; Madalozzo, 2010; Ñopo, 2012a,b; Weichselbaumer; Winter-Ebmer, 2003) . The concentration of women in low-paid occupations and the existence of gender wage gaps have several plausible explanations, some of which we describe below.
In traditional societies, it is more common for women than for men to withdraw temporarily from the labor market or to choose jobs with flexible schedules and/or with fewer working hours. Women's main reasons for doing so arise from housework and childcare responsibilities. Consequently, women accumulate less labor market experience than men do, and women tend to invest less in education and on-the-job training, as they anticipate shorter and more discontinuous work lives (Blau; Khan, 2000; Madalozzo, 2010) .
Other factors, such as labor legislation, maternity leave and pregnancy protection, may increase women's labor costs, impact negatively on females' wages (Madalozzo, 2010) , and decrease the employability of women (Blau; Khan, 2000) . Occupational segregation and discrimination against women might also be important in determining relative wages (Blau; Khan, 2000; Oliveira, 1997; Leme; Ñopo, 2012a,b) However, some recent trends might change this perspective on females' disadvantages in the labor market. For instance, there was an increase in the participation of females in the labor market, while the participation of men was, at most, stable in recent decades (Juhn; Potter, 2006; Wajman; Rios-Neto, 2000) . This indicates that the labor market is becoming a more female locus, with a relative increase in females' experience vis-à-vis that of males, a feature that might positively affect many women's outcomes in traditional labor markets.
Moreover, there was a recent remarkable decrease in fertility rates in Brazil. Nowadays, fertility levels in this country are below replacement level, and fertility rates are still decreasing (Potter et al., 2010) . Women tend to be less productive than men are, and consequently earn less, because during their reproductive life they tend to interrupt their careers, temporarily withdrawing from the labor market. Thus the decrease in the burden of raising children due to this fertility decline, mostly affecting women, has a direct impact on females' available time to invest in the labor market, increasing women's competiveness. In addition, lower fertility rates reduce the cost of female labor by reducing the demand for maternity leave (Madalozzo, 2010) .
However, women tend to be more household-focused than men and are still responsible for most domestic tasks. For instance, Bruschini (2006) analyzed the amount of time spent by males and females on domestic chores in Brazil, in 2002. She concluded that the time spent by women was much greater than that spent by men. However, household chores are becoming lighter and more evenly distributed among the sexes (Juhn; Potter, 2006) , and consequently, women's time availability potentially employed in the labor market increased (Madalozzo, 2010) , especially among more qualified females, as differences between sexes decreased for more educated individuals (Bruschini, 2006) .
In addition, divorce rates increased and, as divorced women tend to participate more in the labor market, this promoted an increase in females' labor market participation (Fernández; Wong, 2011) . Furthermore, the end of the widely held societal understanding of marriage as a lifelong investment (Amato; Rogers, 1999) relatively increases the value of women´s labor market investments in formal education and on-the-job training, resulting in higher productivity and wages vis-à-vis men.
Moreover, the service sector's increasing share of the economy, which created more labor demand in occupations well suited to women, helped females to gain access to many better-paid types of occupations (Juhn; Potter, 2006) . Traditional societies relied on many agricultural and manual jobs which required a high degree of physical strength. In contrast, most current jobs are less physically demanding, but they require other attributes, such as patience and dexterity, in which females do not have disadvantages when compared to men (Blau; Kahn, 2000) .
In Brazil, females tend to have higher schooling levels than men, and differences are increasing (Whinter; Golgher, 2010) . This might positively influence women's labor market participation, as education and participation are positively correlated. Besides, this surely will promote an increase in the proportion of female participation in qualified jobs, decreasing occupational segregation (Blau; Kahn, 2000; Madalozzo, 2010) .
Finally, greater opportunity in the labor market for women might have an impact on many of the phenomena described above, as more educated working women tend, for instance, to have fewer children and greater bar-gaining power (Jensen, 2012) . Due to circular causality, these features might create virtuous cycles between labor market participation and social norms, promoting further advances in women's relative labor market positions.
Due to these trends, and as emphasized by Juhn and Potter (2006) , women's choices regarding human capital investments, marriage and fertility shape females' values and roles in the labor market and in society, promoting changes over their life course. Moreover, as young women reach working age, they will probably make pro-labor market decisions and lifelong career plans more frequently than older cohorts did. Because of all these trends, females' labor market participation rapidly improved both quantitatively and qualitatively in Brazil relative to men's participation (Barros, 2001 ): wage and labor market participation gaps and labor market segregation decreased, and a convergence between sexes was observed.
In order to clarify the main objective of this paper, we present in Table 1 some hypothetical examples of gender wage gaps and labor market participation by educational level and occupational prestige. The table presents four situations, from time 1 to time 4, which can be viewed as a path from males' to females' supremacy in the labor market. In each situation, occupations are classified in three categories of educational level and two of prestige. At each time, there are ten men and ten women in the labor market, who are distributed in each of the six possibilities of education and prestige: the first number is for men and the second for women. For instance, in time 1, one man was classified as having an occupation of high education and high prestige and no women were in this category. At this same time, four men had positions classified as low educational level and high prestige, and three women were in this same category. Moreover, in time 1, women earned 70% as much as men in occupations of similar educational level and prestige.
In time 1, men earn more than women within each occupational type, and the distribution among occupational types favors men. In time 2, the distribution of occupational types does not favor either sex, but men earn more than women within each type. In time 3, although men continue to earn more than women within each occupational type, the distribution among occupational types now favors women; females are overrepresented in higher levels of education and prestige. In time 4, women earn more than men within each occupational type, and the distribution among occupational types favors women. This paper analyzed labor market gaps between sexes in Brazil taking into account that educational levels and labor market segregation varied recently. In the empirical analysis, we used the National Household Sample Surveys (in Portuguese: PNAD -Pesquisa Nacional por Amostra de Domicílios) of 1992, 1997, 2002, 2007 and 2012 . Concerning our econometric strategy, we initially estimated Mincerian wage equations using OLS with different sets of controls. The objective is to analyze gender wage gaps with and without controls associated with education and labor market segregation. We began with the classical analysis of gender wage gaps with many controls, that is, the traditional approach of comparing men and women in similar occupations and educational levels, and then we dropped some of the controls in order to analyze gender wage gaps taking into account that educational levels and labor market segregation varied over the period. During the studied period, expectations about women's roles in society radically changed (Juhn; Potter, 2006) . In order to apprehend the age, period and cohort effects of labor market trends and evolution, we used a hierarchical model based on Age-Period-Cohort approach. The objective is to focus the analyses on cohorts, as cross-section analysis might be misleading (Leme; Rios-Neto, 2000) . To the best of our knowledge, this is the first attempt to analyze gender wage gaps in the Brazilian labor market using this methodology.
Besides this introduction, this paper is divided as follows. The second section presents a brief literature review of gender labor market gaps. The third discusses the APC approach, the theoretical background of the pa-per. The fourth presents some descriptive statistics regarding labor market trends in Brazil, giving an overall perspective on labor market evolution with emphasis on sex differentials. The fifth section describes the applied methodology. Initially we present the databases, then we discuss the Mincerian equations and the variables used in the models, and, after this, we present the hierarchical model. The sixth section presents the results of the econometric models. The last section concludes the paper.
Literature review
This section presents a selection of papers that discussed gender gaps in the labor market. The objective is to give an overall description of the field, giving special attention to the Brazilian reality.
Many studies observed a tendency toward shrinking gender wage gaps in different settings (For instance, Blau; Kahn, 2000; Brown; Corcoran, 1996; Weichselbaumer; Winter-Ebmer, 2003) . Blau and Kahn (2000) verified a shrinking gender wage gap in the U.S.; this trend was more rapid in the U.S. until the 1990s than it was in many other European countries. According to these authors, one of the reasons for these trends is that greater numbers of women are entering better-paid occupations that were traditionally dominated by men. Moreover, these authors observed a decrease in the size of the unexplained gender gap, possibly due to an upgrading of women's unobservable skills and/or lower levels of discrimination.
Similarly, Brown and Corcoran (1996) analyzed gender wage gaps in the U.S. and observed that one of the reasons for the closing gender gaps was the increase in female participation in better-paid occupations that were traditionally dominated by men. They noted that differences in the proportion of college graduates by field accounted for a significant part of the gender earnings gap, as women were overrepresented in careers with lower wages. Weichselbaumer and Winter-Ebmer (2003) performed a meta-analysis of the international gender wage gap using 260 published papers covering 63 countries during the period of the 1960s -1990s. They observed a remarkable decrease in the wage gap between men and women, mostly due to an equalization of productive characteristics. They also compared many different methods of analysis, in particular the use of a dummy re-presenting the sexes in econometric models, and the traditional use of the Oaxaca-Blinder decomposition, and results did not differ consistently for gender wage gaps. Moreover, they noted that the gender wage gap was smaller if only a sample of new entrants in the labor market was investigated or if only high-prestige jobs were analyzed.
In a similar vein, Manning and Swaffield (2008) emphasized that cross--section data confound true life-cycle effects and cohort effects. They observed that the gender pay gap between sexes in the UK was approximately zero upon entry into the labor market, but it grew afterwards. They explored three main hypotheses to explain why the gap between men and women grew over time. Human capital factors -gender differences in accumulated work experience, investments in human capital and domestic commitments -explained approximately 50% of the gap. The job--shopping hypothesis, which states that an important part of early career wage growth is associated with moving from worse to better-paying jobs, explained around 6% of the gap. Psychological differences between men's and women's attitudes toward risk-taking, competition, self-esteem, and selflessness at the age when they enter the labor market accounted for up to 20% of the gap. These two cited studies described the importance of a life course perspective while analyzing labor market outcomes. Using a similar standpoint, Blau and Kahn (2000) , Bailey, Hershbein and Miller (2012) and Fernández and Wong (2011) analyzed gender wage gaps in the U.S. with a cohort perspective. The first authors observed that younger cohorts were faring better in the labor market than older ones. Bailey, Hershbein and Miller (2012) noted that younger cohorts narrowed the gender gaps in educational attainment, labor market experience, and employment in traditional male occupations. As highlighted in the introduction of this paper, Bailey, Hershbein and Miller (2012) and Fernández and Wong (2011) emphasized that there are many factors associated with these trends. These factors include skill biased technological changes in the workplace and in the household, changes in ideals about women's roles and expectations in the workplace, increases in first marriage age, decreases in childcare costs, and increases in enforcement of anti-discrimination legislation. The "Pill" and increasing divorce rates were also important potential factors in these shrinking wage gaps. For instance, younger unmarried women improved their access to contraception during a period that is critical to their ca-reer investments, decreasing labor market gaps (Bailey; Hershbein; Miller, 2012) . Fernández and Wong (2011) observed that gender gaps in labor participation fell remarkably and that changes in divorce probabilities alone accounted for more than half of these trends. Arulampalam, Booth and Bryan (2007) emphasized that, although gender wage gaps have been widely studied, as in the studies described above, it was only relatively recently that analysis has been performed across the wage distribution, which overcomes some of the limitations of the usual methodology. In this vein, García, Hernández and López-Nicolás (2001) used quantile regressions (QR) to analyze gender wage differences in Spain across the wage distribution. They observed that gender wage gaps were greater for the highest quantiles, although differences between quantiles were not great and standard errors were large. Arulampalam, Booth and Bryan (2007) applied the QR approach to European data. They defined that a glass ceiling effect existed if the 90 th percentile wage gap was larger than the wage gaps in other parts of the wage distribution by at least two percentage points. They observed that most countries showed this effect. Similarly, Albrecht, Bjorklund and Vroman (2001) analyzed data for Sweden and observed a glass ceiling effect in the 1990's, but not in prior decades. Rica, Dolado and Llorens (2008) used a similar approach applied to the Spanish data, and observed this pattern for highly educated workers, but not for less-educated ones.
Some other authors discussed data from Latin America and/or Brazil. Ñopo (2012a) analyzed the evolution of gender earning gaps in Latin America. The author points out that, although women are overrepresented in low-paid occupations, the general distribution of observable characteristics favors women when compared to men, indicating that the unexplained part of the gender earning gap is remarkable. Nevertheless, the author observed that both explained and unexplained gender gaps decreased recently.
Following Arabsheibani, Carneiro and Henley (2003) , the first analysis of pay gaps in Brazil was done in the mid-eighties by Camargo and Serrano (1983) . These last authors analyzed industrial jobs using the RAIS database and observed the existence of gender wage gaps in favor of men. Moreover, they noted that the main determinant of wages differed by sex: for men it was the structure of the industrial sector and for women it was educational level.
After this first study regarding gender labor market gaps in Brazil, many others followed. For instance, Leme and Wajnman (2000) observed a decrease in gender wage gaps using PNADs and the Oaxaca decomposition. They observed that the increase in women's educational levels, associated with relatively greater returns for these attributes and a decrease in discrimination against women, had a positive impact on females' wages vis-à-vis males'. In addition, younger cohorts obtained greater returns for their human capital investments, suggesting further positive impacts on females' wages in the long run. Barros et al (2001) emphasized that, although men still tended to earn more and to work in greater proportion and for more hours than women, females' labor market participation rapidly improved both quantitatively and qualitatively. Moreover, they observed that, while there was a clear labor market segregation by sex, traditional female occupations showed similar wages to those in which men had historically predominated.
Arabsheibani, Carneiro and Henley (2003) also analyzed gender wage differentials in Brazil. They used PNADs and the Juhn, Murphy and Pierce (JMP) decomposition. The authors observed that gender wage gaps decreased mostly due to lower levels of discrimination against women. Moreover, they emphasized that some other trends had a positive impact on narrowing these gaps. For instance, the positive evolution of females' observable earning-improving endowments, such as human capital level, and also of non-observables, such as effort, relatively increased women's wages vis-à-vis men's. Silva, Carvalho and Neri (2006) analyzed wage differentials between gender and race using the 2003 PNAD and the Oaxaca and Heckman procedures. They concluded that white men earned more than other groups, in part due to discrimination.
Madalazzo (2010) also observed narrowing gender wage gaps in Brazil from 1978 to 2007. She observed that labor market segregation decreased for careers traditionally dominated by men, while women continue to dominate those occupations considered female. According to the author, given that the first type of occupation tends to pay better wages, this fact positively influenced the convergence of wages between the sexes.
Similarly, Ñopo (2012b) analyzed the composition and evolution of gender earnings gaps in Brazil using PNADs. As in the other cited studies, the author observed that overall gender wage gaps decreased in Brazil, and that the largest proportion of variability was unexplained; the unexplained portion is normally linked to discrimination in the labor market. He observed that women would earn more than men if the unexplained portion of wage gaps did not exist, as women had better earning-improving endowments. The author also verified that gender earning gaps increased with age for young cohorts, and that younger cohorts showed smaller gender gaps. Salardi (2014) analyzed the evolution of gender occupational segregation in the Brazilian labor market between 1987 and 2006. She observed that gender segregation has fallen during this period, mostly due to a declining concentration by gender within individual occupations.
All these studies that analyzed the Brazilian reality pointed to a convergence in labor market outcomes by sex. The current paper is similar in many aspects to those discussed above; however, besides being a more updated study, it is founded on a different theoretical perspective and on a distinct methodology, which are based on the Age-Period-Cohort (APC) approach. This approach is described in the next section.
The Age-Period-Cohort (APC) approach
This paper develops the exercise of placing labor market outcomes in a life course perspective, using as theoretical background the APC approach. In this approach, age, period, and cohort effects are analyzed separately in order to disentangle their distinct contributions, as briefly described below. For a more detailed discussion see Mason and Smith (1985) , Yang, Fu and Land (2004) , , and Yang (2008 Yang ( , 2011 .
When changes that take place in a society affect a specific age group (or groups) most strongly, the result is an age effect, aging-related developmental changes that occur in life. In this case, one would observe that certain age groups, regardless of their cohort or period, share the same characteristics or face the same phenomena. Puberty is a classic example of an age effect. Another example of this could be the probability of older people being more satisfied with life than youngsters.
When changes occur in all age groups at the same time, this configures a period effect, which "reflects changes in social, historical and epidemiological conditions that are unique to a time period that affect all living conditions regardless of age or life stage" (Yang, 2011, p. 18) . The econo-mic crisis of 1929 and the terrorist attacks of 2001 in the United States are examples of period effects that are likely to affect the society in which they occur as a whole.
Finally, cohort effects refer to individuals who share specific experiences, such as being born in the same year or entering a university in the same period. According to Ryder (1965) , birth cohorts represent the effect of formative experience, shaped not only by life conditions from the moment of birth but also by a continuous and shared exposure to historical and social factors that might affect living conditions throughout life, thus making the specific group unique. For instance, individuals of specific cohorts might trust others less than other cohorts, independently of age or period effects.
The APC approach can be applied by different methods. Ideally, one would prefer to work with databases that follow the same individual over time. However, in the absence of longitudinal data to investigate long-term changes in Brazil, we built cohorts using five different PNADs. As described in the methodological section, recently developed statistical tools transform cross-sectional data, such as those provided by PNADs, into well-grounded synthetic cohorts that mimic true birth cohorts (Yang, 2008) .
Empirical strategy
In this section, we present the methodology in three brief subsections. The first one describes the databases, the second, the Mincerian models and the variables, and the last, the hierarchical model based on APC approach.
Database
This paper used the National Household Sample Survey (PNAD in Portuguese), which is an annual survey that has socioeconomic and demographic information about the Brazilian population and is nationally representative. Moreover, the survey has complementary questionnaires with questions associated with fertility, health and other subjects. This database is extensively used to analyze socioeconomic conditions in Brazil, including gender gaps in the labor market (For instance, Leme; Arabsheibani; Carneiro; Henley, 2003; Madalozzo, 2010; Ñopo, 2012b) .
We used the databases from the years of 1992, 1997, 2002, 2007 and 2012 . The last one was the most recent available at the time of this research. The others come in five-year intervals so we could easily build cohorts with the databases. The objective was to have enough time span to comprehend the recent evolution of the Brazilian labor market.
Given the study's objective of analyzing labor market outcomes, we selected individuals from 20 to 69 years old with positive income. Our final sample sizes in the five mentioned years were respectively 102096, 116126, 136907, 152764 and 145050.
In order to build the cohorts, we initially selected women between the ages of 20 and 54. The upper limit was selected because older women show a much greater propensity to retire, so the women remaining active in the labor market would be highly self-selected. Then we classified the individuals into five-year age groups. For some cohorts, we did not have the data for all years. Those cohorts were discarded from some of the analysis. Hence, we obtained three cohorts with data in all five PNADs. The youngest cohort was 20 to 24 years old in 1992 and, consequently, 40 to 44 years old in 2012. The other cohorts with complete data were respectively 5 and 10 years older. Thus, the oldest cohort with data in all five PNADs was 30 to 34 years old in 1992 and, consequently, 50 to 54 in the end of the period. We also defined two other cohorts which did not have data for all years: those aged 10 to 14 and 15 to 19 in 1992.
Mincerian models and variables
The Mincerian wage equations are commonly used to analyze the relationship between salaries and other variables, such as sex, age and race (Resende; Wyllie, 2006; Madalazzo, 2010) . This type of model is extensively used in many applications and settings. For instance, Sachsida, Loureiro and Mendonça (2004) used this econometric model to analyze Brazil and Trostel, Walker and Woolley (2002) used it do study other countries. For an overview of Mincerian equations see Heckman, Lochner and Todd (2003) . For a comparison of this method with other approaches see Weichselbaumer and Winter-Ebmer (2003) .
The expression below represents this equation as applied in this paper. The model was estimated by OLS with Stata. The selected expla-natory variables are commonly used in Mincerian models and detailed afterwards:
where Y is hourlywage, β S are the estimated coefficients, the explanatory variables are briefly named above, and ε is the normally distributed stochastic error.
The dependent variable is the logarithm of hourlywage, as commonly used in similar analysis (For instance, see Khamis, 2008) .
Many studies analyze gender wage gaps using a dummy variable for sex. Another widespread applied methodology is the use of separate equations for each sex and a subsequent decomposition by Oaxaca-Blinder or other methods (Weichselbaumer; Winter-Ebmer, 2003) . We chose to use the dummy variable approach (1 -Male, 0 -Female) as an initial study that is complemented by the hierarchical models and the APC approach.
Some variables are commonly used as controls in Mincerian equations (See Heckman, Lochner and Todd (2003) for a general discussion). The models used in this paper include a dummy for ethnic group (1 -White/ Asian, 0 -Black/Brown/Indigenous), as differences are envisaged between these groups. We expect a positive coefficient, as observed in Arabsheibani, Carneiro and Henley, 2003. Age is proxy for experience and is represented by a continuous variable. Age-squared is also included in the model in order to account for non--linearities. Experience is also measured using as proxy the result of age -6 -number of years in school. However, we believe that many Brazilians acquire working experience while in school; therefore we did not account for the number of years in school while building our explanatory variable. We expect a positive coefficient for the first and a negative for the second, as wages tend to increase more quickly in the beginning of professional life, as observed in Madalozzo (2010) .
Another factor that might influence earnings is the relationship of the individuals in the household. For instance, it is expected that household heads earn more than other individuals in the household do, as they tend to be more focused on labor market outcomes. This tendency is more pronounced because the head is defined by the individual's share in household income. Thus, the models include three dummies for spouse, for children and for other members in the household, with the reference being the household head. Negative coefficients for all three dummies are expected. It is well known that one of the main determinants of wage inequalities is educational level. Hence, we included four dummies for educational level. We chose to use dummies due to non-linearities and varying marginal returns to education, as in Madalozzo (2010) . The dummies represent those who had 4 to 7 years of formal education (upper elementary level), 8 to 10 years of education (complete elementary level or incomplete high school), 11 (high school diploma), or 12 and more (at least some tertiary level). The category 0 to 3 (no education or lower elementary level) is the reference. We expect positive signs for all of them with increasing magnitude.
Four dummies representing the type of occupation of the worker were also included in the model, as men and women tend to be segregated in the labor market (Madalozzo, 2010; Oliveira, 1997) . The categories are: worker with formal documents, public worker, self-employed and employer. The reference is informal workers. We expect positive coefficients for all but the self-employed. This last group is very heterogeneous (Khamis, 2008 ) and we do not have a prior expectation.
There are at least two other variables in the database that could be used to further classify occupation types, which are occupational groups and sector of activity. The focus of the paper is to analyze wage gaps without controlling for distributional effects among occupational groups and sector of activity. Therefore, we did not include further variables for occupation types.
Given that Brazil is highly spatially heterogeneous, we also included some geographical variables, as in Arabsheibani, Carneiro and Henley (2003) and in Madalozzo (2010) . The first is a dummy for urban areas and another for metropolitan areas. Positive coefficients are expected for both, as wages tend to be higher in these regions than in rural and non-metropolitan areas. Moreover, we included four dummies associated with the macroregions in Brazil: North, Northeast, South and Central-West. The Southeast region is the reference. We expect a negative coefficient for all dummies, as this last region is in many aspects the most developed in Brazil and tends to have the highest wages.
Interactions were initially included in the models, but results were poor and we dropped them from the final models.
The proposed model does not differ much from other studies of Brazilian data and there is no innovation in it. The empirical strategy, however, includes some new perspectives. We estimated the models separately by year and for particular cohorts and they are the basis for further discussions using hierarchical models. We describe this model in the next section.
Hierarchical model and the age-period-cohort approach
Mincerian models enable the analysis of age, period and/or cohort effects; however, this approach has some limitations, as these three parameters have confounding aspects if used together in the same regression (Yang; Land, 2004) . That happens because, by knowing one person's age and the year of the interview, it is possible to learn his/her year of birth (or cohort). Because of the linear dependency among age, period, and cohort, models using the APC approach might present problems of identification, which may make the assessment of the age, period, and/or cohort effects troublesome (Yang, 2011) .
How can one disentangle the effects of age, period and cohort? In our analysis, we applied a hierarchical model based on the APC approach. In many aspects, the first level of the model resembles the Mincerian equations discussed in the previous subsection and the variables are mostly the same. Given the results of the descriptive section and of the Mincerian models, and due to the expected variability in results for the different cohorts, each cohort was analyzed separately. Notice the term α j instead of β S , as detailed below:
Where j represents periods, and other variables have already been defined. The equation for the second level of the model is the following:
Where π 0 is the expected mean at the zero values of all level1 variables averaged over all periods, and τ 0j are the coefficients for periods. We applied this methodology using the SAS 9.4 statistical package and the GLIMMIX command.
Descriptive statistics
This section presents descriptive statistics on trends related to the Brazilian labor market and, in some aspects, is similar to Leme and Wajnman (2000) , although updated. The objective is to give an overall perspective on labor market evolution with emphasis on sex differentials, having as background the above discussion of age, period and cohort effects.
Figures 1 and 2 compare labor market participation by age, respectively, for males and females. These trends are well known for the Brazilian labor market (Arabsheibani; Carneiro; Henley, 2003; Leme; Madalozzo, 2010; Salardi, 2014; Rios-Neto, 2000) . Many aspects of the trends in Brazil are similar to those in other countries (Juhn; Potter, 2006) . Values for males are higher than for females in any given age group, and dynamics differ between sexes. 
Age group
Figure 2 Labor market participation for females in different age groups in different years Source: PNAD 1992 , 1997 , 2002 , 2007 Male values decreased between 1992 and 2012 in the first two age groups, suggesting that some men are postponing labor market insertion in order to enhance their schooling levels. However, at least one other phenomenon might affect these results. Many young males are simply becoming part of the triple no group: they do not study, do not work and do not look for a job (Camarano; Kanso, 2008) . Labor market participation decreased in the last two age groups in the period, possibly due to earlier retirement (Glomm; Jung; Tran, 2009; Queiroz, 2006) . For the other age groups, the values were reasonably stable. For females, labor market participation increased between 1992 and 2012 in all age groups but the last. Nevertheless, values appear to have remained stable since 2007, suggesting that a limit to this increase might have been achieved. Wajnman and Rios-Neto (2000) also observed a similar result and emphasized that female labor market participation will not reach North American levels in the near future. One of the reasons for this suggested limit is the sizable proportion of the female population in Brazil, around 25%, in the triple no group (Golgher, 2010) . Figure 3 shows the sex ratios for labor market participation by age group in different years. Not surprisingly, male workers were the majority in all age groups and years, as described in Figures 1 and 2 . Another noticed tendency is that the values are decreasing over the period, indicating the the importance of discussing cohorts in labor market analysis. Examples of other studies that addressed labor issues with a cohort perspective are Bailey, Hershbein and Miller (2012) , who analyzed the gender wage gap in the U.S., and Fernández and Wong (2011), who described trends in education and labor market participation in the U.S. Figure 4 shows the results for the three cohorts with data in the five PNADs, those who were aged 20-24, 25-29 or 30-34 in 1992. Notice that there was not much difference between cohorts in each specific year: sex ratios in the labor market decreased from approximately 170 in 1992 to 135 in 2012.
The results of these two last figures indicate that women are becoming increasingly active relative to men, specifically due to period effects, as highlighted by the great difference in Figure 3 and the resemblance between cohorts shown in Figure 4 . The period effects reflect changes in social and historical conditions of the period that affect the life of individuals regardless of their age (Yang, 2011) . For instance, divorce probabilities increased, technological change occurred in the workplace and in the household, and expectations about women's role changed towards working women, irrespective of age or cohort. Economic crisis may also play a role as, for instance, women's labor participation might increaseas a strategy to complement household income in particular periods. Montali (2003) , for instance, discusses, for the Brazilian context, the relationship between economic restructuring and increasing unemployment and new household configurations regarding the labor market.
This descriptive analysis presented in figures 1 to 4 regarding labor participation shows that gender gaps decreased between 1992 and 2012. How much further will they diminish? Given the trends described above, it is likely that gaps will continue to decrease, but the pace of this decrease will slow in the future.
Some other trends in the labor market are also contributing to decreasing gender gaps. For instance, among those who work, men still work for longer hours in all age groups, as shown in Figure 5 . However, differences between sexes decreased for all age groups in the period. Notice that differences for younger groups are quite small nowadays. Figure 6 shows the results for the same cohorts presented in Figure 4 . Notice that for the oldest cohort, aged between 30 and 34 in 1992, the ratio decreased as women got older. For the two youngest cohorts the ratio also decreased when they were 30 years and above. On the other hand, for these last two cohorts, the ratio increased while women were in their twenties. That is, the age of 30 seems to be a threshold. In all cohorts, the gap in working hours between men and women increased before this age and decreased afterwards. These trends might explain part of the divergence between sexes in wages for early career professionals, as observed by Manning and Swaffield (2008) . Related to these results are some aspects associated with motherhood and time allocated to domestic activities (Bailey; Hershbein; Miller, 2012; Bruschini, 2006; Fernández; Wong, 2011; Maume; Sebastian, 2012; Tsang et al., 2003) . Moreover, as women tend to study more than men do, they might spend a greater amount of time acquiring formal education, which will positively affect wages in the future. That is, they are postponing earnings. Figure 5 Ratio of number of hours spent working by men and women by age group in different years Source: PNAD 1992 , 1997 , 2002 , 2007 Figure 6 Ratio of number of hours spent working by men and women, grouped by cohort by age in 1992, in different years Source: PNAD 1992 , 1997 , 2002 , 2007 The results presented in Figures 5 and 6 suggest that there is a remarkable period effect for workload gaps. Moreover, they also indicate age and cohort effects for these gaps. Table 2 shows the evolution of educational attainment for male and female workers in the years 1992, 1997, 2002, 2007 and 2012. In the beginning of the period, men and women had similar distributions among the five schooling categories (0 to 3 years of formal education, 4 to 7, 8 to 10, 11 and 12 and over), although females had a slight advantage. In 2012, both genders had remarkably increased their mean levels of education; however, women's educational levels had risen more rapidly than men's, increasing the gender gap. Source: PNAD 1992 PNAD , 1997 PNAD , 2002 PNAD , 2007 PNAD and 2012 Table 3 shows the distribution of workers, who were students, by sex and age in different years. Naturally, older workers showed smaller proportions of individuals studying, as most had already dropped out of the educational system. However, notice the remarkable difference between the sexes. All the proportions for women are much higher than for men, indicating that overall gaps informal education levels are increasing for those already in the labor market. So far, the focuses of the analysis were labor market participation, work hours and educational levels. The trends previously presented suggest that gender gaps in the labor market are shrinking, and this might have an impact on earnings by gender. With the increase in women's labor market participation and the increasing educational endowments of women, it is natural to expect female empowerment vis-à-vis males in many life dimensions. This may promote a decrease in the relative differences of time allocation for household chores, implicating a further decrease in labor market gender gaps and a relative increase in females' investments in work skills. The final presentation of the descriptive section is on earnings per hour, which complements the preceding discussion. PNAD 1992 PNAD , 1997 PNAD , 2002 PNAD , 2007 PNAD and 2012 Figure 7 compares hourlywages of men and women at the same schooling level in different years. Men earned more in all schooling levels in all years; however, the gap decreased, especially between 1997 and 2002. Gender gaps increased along with educational level, as suggested by the literature describing glass ceiling effects for income (Albrecht; Bjorklund; Vroman, 2001; Arulampalam; Booth; Bryan, 2007; Rica; Dolado; Llorens, 2008) . The next figure presents the gender ratios of hourly wages by age group. First, it demonstrates a remarkable age variation, as younger women are much more similar to their male peers than older ones, in accordance with the idea of growing gender gaps amongearly career professionals (Manning; Swaffield, 2008) . in different years Source: PNAD 1992 , 1997 , 2002 , 2007 These two last figures suggested that a cohort effect might exist, as gender wage gaps for younger cohorts are smaller. Figure 8 indicates a variation based on period, but there are confounding factors with cohort and age. This section with descriptive statistics clearly indicated that gender gaps in the labor market related to labor market participation, workload, experience and earnings are shrinking; this effect shows most strongly in younger cohorts. Women also have an increasing advantage in educational level. These five trends put together indicate a convergence between the sexes.
We further analyze the data discussed in this section with the use of econometric models in order to better glimpse the convergence between men and women in the labor market. The results are presented in the next section.
Results of the econometric models
This section presents the results of the econometric models: first those of the Mincerian models and then those of the hierarchical models. Table 4 shows the results for the Mincerian equations for each year separately. These models will be the basis for the discussion of all subsequent econometric models. All variables were significant at 5%.
Mincerian models
Most results were as expected. White individuals and those who were household heads had higher wages. Notice, however, that the coefficients show a decreasing tendency, suggesting a homogenization in earnings between ethnic groups and between household members.
All coefficients for age were positive and for age squared negative. Due to the dimension of the coefficients, the association of wage and age in all years is increasing for young individuals, assumes a maximum respectively at 46, 47, 51, 53 and 55, and decreases afterwards. Notice that the maximum is obtained at higher ages at the end of the period, suggesting an increase in the importance given to labor market experience.
Moreover, those who were employers, formal workers or public workers also earned more than informal workers. The coefficient for the self--employed, for which we did not have any prior expectation, was also positive, but small at the end of the period. As already anticipated, this group is highly heterogeneous, but means that individuals earn a similar wage to informal workers.
Those who lived in urban and metropolitan areas had higher wages. For macroregions, the coefficients were mostly negative, as expected, indicating that those who lived in the Southeast region had higher wages. The exceptions are the coefficients for the Central-West region, which were negative in 1992 and 1997 and positive afterwards. This indicates that the region was closer to the North and Northeast regions in socioeconomic terms in the beginning of the period, developed at a quicker pace than others, and now resembles the more developed parts of Brazil.
All coefficients for education were positive and increasing in magnitude with educational level, indicating, not surprisingly, that higher levels of education resulted in higher earnings. However, notice that the coefficients for a specific educational level were roughly stable between 1992 and 2002 and diminished after the latter year, suggesting that the premium for education recently decreased in Brazil. Similarly, Trostel, Walker and Woolley (2002) used an OLS model to analyze the trends in returns to education in many countries. They concluded that the returns to schooling did not increase significantly in most countries and decreased in some.
These findings described so far are commonly observed in Mincerian models, and we do not further discuss them. The focus here, however, is study of the male coefficients. In Table 4 , they were all positive. That is, after controlling for all the other variables, males had higher hourlywages than females. What about the convergence between the sexes anticipated in sections 1 and 2?
Let´s have a closer look at these coefficients, as shown in Figure 10 . This figure plots the values for the five coefficients of the above models, which are around the upper line. Clearly, differences between genders decreased: that is, after controlling for the variables in the model, gender wage gaps decreased; however, they are still quite sizable.
Having in mind the brief discussion presented in Table 1 , we excluded the education variable from our models, relaxing the effects of allocation of individuals in different educational levels in the labor market. Thus, we are focusing on individuals who are similar in everything except educational levels. These results are also shown in Figure 10 , grouped around the lower straight line. The results suggest a greater convergence between sexes, in part because of greater human capital levels, as observed by other authors (Miki; Yuval, 2011) . PNAD 1992 PNAD , 1997 PNAD , 2002 PNAD , 2007 PNAD and 2012 Note: For all coefficients: p <0.05.
The regressions above were done for periods. Notice that, for the same period, different cohorts of men and women had different labor market op-portunities in a life course perspective, as they had encountered different realities when they started work, and these differences continued to affect them throughout their working lives. Below we show similar Mincerian models with cohorts separated. Figure 10 Male coefficient in different years with and without control for education Source: PNAD 1992 , 1997 , 2002 , 2007 Due to the increased propensity for retirement of older individuals, we selected the cohorts for which we have data from all five PNADs, the same cohorts shownin figures 6 and 9. Notice that we are also avoiding the problems of introducing only very young individuals in a particular cohort. It is well known that gender gaps tend to increase when cohorts are in their twenties, and that differences decrease thereafter (Blau; Kahn, 2000) . We focused our attention on the male coefficient, which were all positive and significant, as shown in Figure 11 . Similarly to the previous figure, this figure shows the coefficients for the male dummy with and without controlling for educational level, respectively in the upper and lower curve. Notice that the gender gaps for younger cohorts are smaller, suggesting a convergence in wages between the sexes, especially in the analysis which does not control for educational level. Notice, however, that the youngest women we included in the analysis were aged 40 to 44 years old in 2012. That is, they were still negatively affected by the problems faced by women entering the labor market in earlier periods. We did not estimate the coefficients for younger cohorts, as we do not have complete data in all periods, but we expect even smaller gaps in future studies. Figure 11 Male coefficient for different cohorts with and without control for education Source: PNAD 1992 , 1997 , 2002 , 2007 Mincerian models like those used here do have some limitations. For a methodological discussion of how to estimate the returns of education using other methods see Resende and Wyllie (2006) , Sachsida, Loureiro and Mendonça (2004), Trostel, Walker and Woolley (2002) and Weichselbaumer and Winter-Ebmer (2003) . Given the objectives of this paper, and in order to partially overcome these limitations, we used hierarchical models based on the APC approach, which are presented below.
Hierarchical models and the APC approach
This second group of models complements the previously presented Mincerian models estimated by OLS. We applied different empirical strategies in order to observe the differences between male and female wages from different perspectives. Given the results of the descriptive section and of the previous econometric models, we decided to apply the models for each cohort separately.
Initially, we applied the model presented in the methodological section. Then we relaxed the analysis, dropping some controls, as we had done with the previous models. Again, the objective is to study gender wage gaps from the traditional perspective and then without controlling for education level and labor market segregation.
Again, the focuses of the analysis are the coefficients for the male dummy, and we restrict our presentation to them. Table 5 for three different models for the same cohorts already discussed. Moreover, we included two younger cohorts in order to observe very recent labor market features. Notice that we are not avoiding the problems of introducing only very young individuals in a particular cohort, as we did in the previous models. Gender gaps tend to increase when cohorts are in their twenties, and then differences decrease (Blau; Kahn, 2000) . In general, the gender gap for workloads between men and women increased during the workers' twenties and decreased afterwards, which might explain part of the divergence between sexes in wages for early career (Manning; Swaffield, 2008) . Notice that all coefficients in model 1 were positive and significant, indicating that for all cohorts, after controlling for period, individual, employment, geographical and educational variables, that is, a standard analysis, there were significant gender wage gaps in favor of men. Besides, the coefficients were quite similar for all cohorts, indicating stability in the unexplained part of gender wage gaps. It should be emphasized that the results described by this model clearly indicate that men and women in similar occupations received different wages, indicating a persistent unexplained factor in labor market outcomes which favors men. Besides, as the coefficient was positive for all cohorts, young women are still entering the labor market with lower wages than similar men, but they are expected to catch up at least partially as they age.
The next model drops educational controls. All the coefficients decreased in magnitude, but again all of them were positive, significant and similar. From this perspective, overall gender wage gaps are smaller because women are more educated than men are.
Model 3 drops the employment and geographical variables from the controls. The Brazilian labor market is becoming less segregated, and this might enhance females' wages vis-à-vismales'. Moreover, women tend to be more urbanized than men are. Therefore, if you compare male and female peasants, the former will have higher average earnings. Nevertheless, if a larger proportion of females migrate to urban areas, wage differences will possibly growsmaller or even be reversed, as comparisons will be between urban females and rural males. The model shows that the coefficients were non-significant or positive with smaller magnitude. That is, women's endowments positively influence wages relative to men.
Although women earn less than men with similar occupational status, place of residence and educational attainment, women's endowments par-tially or totally compensate for this unexplained advantage tomen. Model 1 shows that there are significant unexplained differences between the sexes in the labor market. However, the other models, showing that women have more favorable endowments and that females are increasingly occupying higher-wage jobs, suggest that in less controlled analysis differences are smaller or non-significant. However, it should be clear that comparisons are not for similar individuals, as I dropped some controls.
Thus, women are promoting a more dynamic convergence in the labor market because of their endowments, indicating a movement from situation 1 to situation 3 in Table 1 . Future analysis will tell whether we will move to a time 4 situation. Given that women are becoming more and more present in the labor market and that gaps favoring men are shrinking, it is not unreasonable to consider such a change probable. Note: * significant at 10%. ** significant at 5%.
Our final analysis examined the data grouped by cohort and schooling level, as many occupations in the service sector, which has absorbed women better than other sectors relative to men, tend to be occupied by diverse levels of educational attainment. The objective is to observe whether gender wage gaps converge differently for different educational levels. Table 6 shows the results for the male dummy for two different models for each of the 25 categories of cohort x schooling level. The first model includes all controls, that is, comparisons are made with similar individuals, while the second drops the controls for employment type and geography, and hence men and women are not similar in these aspects.
Notice that for levels of education lower than high school, which are from 0 to 10 years of formal education, the coefficients are mostly positive and significant, indicating gender wage gaps favoring men. Coefficients decreased in magnitude when not controlling for employment and geography variables; however, they continued to be significant.
Differently, for individuals with a high school diploma or a higher level of education, most coefficients are non-significant, even including all controls, suggesting similar wages for both genders for more qualified individuals when the study is done by cohort and educational level. Leone and Baltar (2006) also analyzed gender wage gaps for individuals with higher education in Brazil in the 1990s. They observed that men had greater wages and, as we have, they observed a convergence in values for the different sexes.
Based on the glass ceiling literature (Albrecht; Bjorklund; Vroman, 2001; Arulampalam; Booth; Bryan, 2007; Rica; Dolado; Llorens, 2008) , this convergence between sexes observed for higher educational level might not be observed for income quantiles at the very end of the distribution. We end this section by answering the question of whether or not there are a considerable convergence between the sexes in the Brazilian labor market. If we return to Table 1 , considering the results of these last two tables, the answer is partially yes. Surely, the Brazilian labor market is evolving from situation 1 to situation 2 and, in some aspects, to situation 3. We observed that women generally possess better endowments for the labor market; however, although differences are shrinking, a sizable proportion of the wage gaps continues to be unexplained, possibly due to discrimination.
Final commentaries
The main objective of this paper was to discuss gender wage gaps in the Brazilian labor market using an APC approach. Historically, men have dominated the labor market, as males' participation was greater and gender wage gaps favored men. However, some recent trends might change this perspective, as the labor market is increasingly becoming a women's locus and in many aspects females in Brazil nowadays have better endowments for the labor market than men. Indeed, the empirical analysis showed a convergence in the Brazilian labor market, especially when gender wage gaps and labor market segregation are analyzed conjointly. This paper described labor market trends between 1992 and 2012 using PNADs. The descriptive section clearly indicated that gaps in the labor market, such as labor market participation, workloads, experience and earnings, are shrinking between sexes. The gap in educational level is increasing, but this gap favors females. These five trends put together clearly indicate a convergence in the Brazilian labor market.
We further analyzed the data with Mincerian wage equations estimated by OLS for different years, and observed a slight tendency toward wage convergence by gender, especially without controls for educational level. Moreover, we also analyzed models by cohort; the results of this analysis were more striking, indicating smaller differences for younger cohorts and a clearer tendency toward convergence.
A second group of hierarchical models based on the APC approach complemented these models. The studies were done separately for each cohort. The main conclusions were that, although women still earn less than men with similar occupational status, place of residence and educa-tional attainment, women´s endowments for the labor market are better than men´s, and partially compensate the unexplained differences. Moreover, differences in earning between sexes for individuals with at least a high school diploma, when controlling for cohort, were non-significant, indicating a gender wage convergence for more qualified people.
This general tendency toward convergence between genders might be even more pronounced if we take into account that a greater negative selection is expected on males' labor market dropout in Brazil vis-à-vis females, as is observed in the U.S. For instance, in the U.S., black males who were high school dropouts decreased their labor market participation from 91% to 59% between 1969 and 2004, a much greater decrease than in other population groups. Moreover, this decline may be even underestimated, as many low-qualified black males in the U.S. were in institutions and did not enter the labor market statistics (Juhn; Potter, 2006) . In Brazil, many young unqualified males are becoming part of the triple no group: they do not study, do not work and do not look for a job (Camarano; Kanso, 2008) . Hence, they do not enter the Brazilian labor market statistics, except for participation.
The labor market dynamics shown in this paper strongly suggests that the Brazilian labor market evolved to a more homogenous situation between the sexes, although still with considerable gaps between men and women. Future analysis will show if Brazil will one day have a homogenous labor market regarding the sexes. Given the growing educational gaps between the sexes in favor of women, and given that unexplained differences in the labor market, including discrimination, tend to decrease as social roles and norms evolve, our educated guess is that this trend is quite probable.
